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Amendments to the Claims: 

This listing of claims will replace all prior versions and listings of claims in the application: 

Listing of Claims: 

1 * (Currently amended) A system for delivering a desired mass of gas, comprising: 
a chamber; 

a first valve controlling ga$ flow into the chamber; 

a second valve controlling gas flow out of the chamber; 

a pressure transducer providing measurements of pressure within the chamber; 

on input dovioe for providing q dosirod marss of ga$ to b e d e liv e r e d from tho oyatom; 

a controller connected to the valves and the pressure transducer and the input do\doQ 
afid, wherein the controller is configured and arranged programm e d to[[,]] 

£i) receive like a desired mass flow setrK)int fi-om an of gas through the input 

dcvice[[,]]; 

fii> close the second valve; 

(iii) open the first valve; 

£iy) receive chamber pressure measurements firom the pressure transducer; 

£vl close the first i fritet valve when pressure within the chamber reaches a 
predetemiined level; 
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{vi} wait a predetennined waiting period to allow the gas inside the chamber to 
approach a state of equilibrium; 

('vii) Open the second valve at time = to; 

calculate a value of the total ma&s delivered as the second valve is open and as 
a function of temperature and pressure wifliin the chamber: and 

iix} close the second o utlet valve at time = t* when the calculated value of total 
mass delivered of gas disohorgod equals the desired mass flow setpoint . 

2. (Currently amended) A system according to claim 1, wherein the mass delivered 
discharged Am at time t* is equal to. 

Am - m(t6) ^ m(t*) - (V/R}[(P(to)/T(to)) - (P(t*)/T(t*))] [[(5)]] 

wherein m(to) is the mass of the ga$ In the deMv^ chamber at time = to when 
the gas inside the chamber is at a state of equilibrium. m(t*) is the mass of the gas in the delivei^r 
chamber at time = t*, V is the volume of the d e liv e ry chamber, R is equal to the a e iversal i deal gas 
constant ( 8 .3115 J / Kg^ ^el K), P(to) is the pressure in the chamber at time = to, P(t*) is the pressure 
in the chamber at time = t*, T(to) is the temperature in the chamber at time = t^, md T(t*) is the 
temperature in the chamber at time = t*. 

3 » (Currently amended) A system according to claim 2^ further comprising a 
temperature probe secured to the deli>r@r>f chamber and connected to the controller, wherein the 
temperature probe d»eetty-provides T(to) and T(t*) to the controller. 

4. (Currently amended) A system according to claim 3, v^erein the chamber includes a 
chamber w all, and furth e r oompriGing a t e mpor a tiir ft prnhn ^ s nTrftd tn ^hn Hn]|vr»jn , r chnmb ef-ang 
conn e cted to tho controller and wherein T(t(,) and T(t*) are calculated bv the controller using: 
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dT/dt = - (psTp/pV)Qout(Y-l)T + (Nu K//)(AJVCvp)(Tw - T) [[(3)]] 

wherein wh e r e pstp is the gas density under standard temperature and pressure (STP) 
conditions, p equals the density of the gas, V is the volume of the chamber, Q^ui is the gas flow out of 
the d e livcQ K^hamber^ T equals absolute temperature, 7 is the ratio of specific heats, Nu is Nusslets 
number, k is the thermal conductivity of the gas, Cy is the specific heat of the gas under constant 
volume, / is the characteristic length of the dQlivQr>r chamber, and Tw is the temperature of Ae wall of 
the chamber as provided by the temperature probe. 

5 . (Currently amended) A system according to c) aim 4. wherein the gas flow out of the 
d e livor)^ chamber is calculated using: 

Qout = - (V/ps'rF)((l/RT)(dp/dt)-(P/RT')(dT/dt)^ [[(4)]1 

6. (Currently amended) A system according to claim 1, wherein the value of the 
predeteimined level of pressure is provided through the input device. 

7. (Currently amended) A system according to claim 1, wherein the value of the 
predetermined waiting period is provided through the input device. 

8* (CtJrrently amended) A system according to claim 1 , jfurther comprising an output 
device connected to the controller^ and wherein the controller is programmo d -configured and 
anranged so as to provide tho moss of gas discharg e d to the output device an indication of the mass 
delivered . 

9. (Currently amended) A system according to claim 1, wherein th ff charnhftr i^t a 
delivery chamber, further comprising a process chamber connected to the delivery chamber through 
the second valve. 

10. (Original) A system according to claim 1 , wherein the pressure transducer has a response 
time of about 1 to 5 milliseconds. 

8 

BST99 M990QI'].0562BL0457 



PAGE 9128 * RCVD AT 4/2612006 1 :01 :55 PM [Eastern Daylight Time] * SVR:USPT0-EFXRF-6I32 * DNIS:2738300 * CSID:ai7 535 3869 * DUiUTION (mm-ss):08-44 



04/26/08 WED 13:03 FAX 617 535 3869 



MCDERMOTT WILL & EMERY 



iioio 



Serial No.: 10/822,358 

Ajndt, dated 26 April 2006 

Reply to Office Action of 26 Jan. 2006 

1 1 , (Original) A system according to claim 1 , wherein the second vaj ve has a response time 
of about 1 to 5 milliseconds. 

12, (Withdrawn) A method for delivering a desired mass of gas, comprising: 

providing a chamber; 

receiving a desired mass of gas to be delivered from the chamber; 
preventing gas flow out of the chamber; 
allowing gas flow into the chamber; 
measuring pressure within the chamber; 

preventing further gas flow into the chamber when pressure within the chamber 
reaches a predetermined level; 

waiting a predeteixnined waiting period to allow the gas inside the chamber to 
approach a state of equilibrium; 

allowing gas flow out of the chamber at time to; and 

stopping gas flow out of the chamber at time = t* when the mass of gas discharged 
equals the desired mass* 

1 3 , (Withdrawn) A method according to claim 1 2, wherein the mass discharged Am is 
equal to. 

Am = m(to) - m(t*) = V/R[(P(to)/T(to)) - (P(t*)/T(l*))] (5) 

wherein m(to) is the mass of the gas in the delivery chamber at time = tg, m(t*) 
is the mass of the gas in the delivery chamber at time = t*, V is the volume of the delivery chamber, 
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R is equal to the universal gas constant (8 J 145 J/mol K), P(to) is the pressure in the chamber at time 
= % P(t*) is the pressure in the chamber at time « t*, T(to) is the temperature in the chamber at time 
= to, T(t*) is the temperature in the chamber at time = t*. 

14. (Withdrawn) A method according to claim 13, further comprising measuring a 
temperature of a wall of the delivery chamber and the temperature measurements of the wall directly 
provide T(to) and T(t*) to the controller, 

15. (Withdrawn) A method according to claim 13, further comprising measuring a 
temperature of a wall of the delivery chamber and wherein T(to) and T(t*) are calculated using: 

dT/dt = (psTp/pV)Qoat(Y-l)T + (Nu K/0(A^CvP)(Tw - T) (3) 

where psip is the gas density under standard temperature and pressure (STP) 
conditions, p equals the density of the gas, V is the volume of the chamber, Qout is the gas flow out of 
the delivery chamber, T equals absolute temperature, y is the ratio of specific heats, Nu is Nusslets 
number, k is the thermal conductivity of the gas, Cy is the specific heat of the gas under constant 
volume, / is the characteristic length of the delivery chamber, and Tw is the temperature of the wall of 
the chamber. 

16. (Withdrawn) A method according to claim 15, wherein the gas flow out of the 
delivery chamber is calculated i^ing: 

Qout - - (V/psTP)[(l/RT)(dp/dt)-(P/RT^)(dT/dt)I (4) 

1 7. (Withdrawn) A method according to claim 12, wherein the predetermined level of 
pressure is received through an input device. 

1 8. (Withdrawn) A method according to claim 12, wherein the predetermined waiting 
period is received through an input device. 
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19. (Withdrawn) A method according to claim 12, further comprising providing the 
mass of gas discharged to the output device to an output device. 

20. (Withdrawn) A method according to claim 12, further comprising connecting a 
process chamber to the delivery chamber for receiving the mass of gas discharged from the delivery 
chamber. 

21 . (New) A system for delivering a desired quantity of mass of gas, comprising; 

a chamber including an inlet and outlet; 

an inlet valve, connected to the inlet, configured and arranged so as to control the 
flow of gas into the chamber through the inlet; 

an outlet valve^ connected to the outlet, configiu^ed and arranged so as to control the 
flow of gas from the chamber through the outlet; and 

a controller configured and arranged to control the inlet and outlet valves so that (a) 
gas can flow into the chamber until the pressure within the chamber reaches a predetermined level, 
(b) the pressure of gas within the chamber can reach a state of equilibrium, and (c) a controlled 
amount of mass of the gas can then be measured and allowed to flow from the chamber as a function 
of a setpoint corresponding to a desired mass, and the temperature and prcssm-e in the chamber. 

22. (New) A system according to claim 21, further including a pressure sensor 
constructed and arranged so as to provide a pressure measm-ement signal to the controller as a 
function of the pressure within the chamber, and a temperature sensor constructed and arranged so as 
to provide a temperature measurement signal to the controller as a function of the temperature within 
the chamber. 

23. (New) A system according to claim 2 1 , wherein the amount of mass of gas flowing 
jfrom the chamber, Am at time t*, is determined by the controller as follows: 
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Am - m(to) - in(t*) - (V/R)[(P(to)/T(to)) - (P(t*)/T(t*))], 

wherein m(to) is the mass of the gas in the chamber at time = to when the gas within 
the chamber is at a state of equilibrium, m(t*) is the mass of the gas in the chamber at tune = t*, V is 
the volume of the chamber, R is equal to the univorflal ideal gas constant (8 ,3 1 4 5 -J / Kg-ffi el-K\ P(to) 
is the pressure in the chamber at time ^ to, P(t*) is the pressure in the chamber at time - 1*, T(to) is 
the temperature in the chamber at time to, T(t*) is the temperature in the chamber at time ^ t*, 

24. (New) A system according to claim 2 1 , wherein the controller is further configured 
and arranged to control operation of the inlet valve by control commands. 

25. (New) A system according to claim 21, wherein the chamber includes a chamber 
wall, and further comprising a temperature sensor configured and arranged to sense a temperature of 
the chamber wall Tw, and produce a corresponding temperature signal, and wherein T(to) and T(t*) 
are the measured temperatures of the chamber wall at times to and t*, respectively. 

26. (New) A system according to claim 25, wherein the controller is configured and 
arranged so that a controlled amount of mass of the gas can be allowed to flow from the chamber as a 
function a time derivative of the temperature dT/dt = — (psTp/p V)Qom(y-l )T + (Nu k//XAvACvP)(Tw 
- T), wherein psxp is the gas density under standard temperature and pressure (STP) conditions, p 
equals the density of the gas, V is the volume of the chamber, Qout is the gas flow out of the chamber, 
T equals absolute temperature, y is the ratio of specific heals, Nu is Nusslets number, k is the thermal 
conductivity of the gas, Cy is the specific heat of the gas tmder constant volxane, / is the diaracteristic 
length of the chamber, and is the temperature of the wall of the chamber as provided by the 
temperature sensor. 

27. (New) A system according to claim 2 1 , wherein the outlet valve has a response time 
of about 1 ms to about 5 ms. 

28 . (New) A system according to claim 2 1 , wherein the response time of the outlet valve 
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is about 2 m$ to about 5 ms. 

29. (New) A system according to claim 21 , wherein the pressure sensor has a response 
time of about 1 ms to about 5 ms. 

30 (New) A system according to claim 21 , wherein the chamber is a delivery chamber, 
and further comprising a process chamber connected to the delivery chamber through the outlet 
valve. 

31. (New) An atomic layer deposition system including a semiconductor processing 
chamber, comprising; 

a mass delivery control system configured and arranged to repeatedly deliver pulses of 
precisely metered quantities of a precursor gas, each pulse of a desired predetermined mass, to the 
semiconductor process chamber, wherein the metered quantity of each pulse is measured as the pulse 
of gas is being delivered to the semiconductor process chamber. 

32. (New) An atomic layer deposition system according to claim 3 1 , wherein the mass 
delivery control system is configured and arranged to repeatedly deliver pulses of precisely metered 
quantities of at least two precursor gases, each pulse of a desired predetermined mass, to the 
semiconductor process chamber, wherein the metered quantity of each pulse is measured as the 
respective pulse of gas is being delivered to the semiconductor process chamber, 

33. (New) An atomic layer deposition system according to claim 31, wherein the mass 
delivery control system includes a delivery chamber and controls the introduction of gas into and out 
of the delivery chamber so that (a) gas can flow into the delivery chamber until the pressure within 
the delivery chamber reaches a predetermined level ^ (b) the pressure of gas within the delivery 
chamber can reach a state of equilibrium, and (c) a controlled amount of mass of the gas can then be 
allowed to flow from the delivery chamber to the process chamber as a function of a setpoint 
corresponding to the desired predetermined n^ass, and the temperature and presstwe in the delivery 
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chamber so that a metered quantity of gas is measured as the pulse of gas is delivered to the 
semiconductor process chamber, 

34. (New) An atomic layer deposition system comprising: 

a mass delivery control system configured and arranged to repeatedly deliver pulses, each of a 
predetermined mass, of at least one precursor gas to a processing chamber, the mass delivery control 
system including: 

(i) a delivery chamber including an inlet and outlet; 

(ii) an inlet valve, connected to the inlet, configured and arranged so as to control 
the flow of precursor gas into the delivery chamber through the inlet; 

(iii) an outlet valve, connected to the outlet and configured and arranged so as to 
control the jflow of gas from the delivery chamber through the outlet; and 

(iv) a controller configured and arranged to control the inlet axid outlet valves so 
that for each pulse of precursor gas (a) gas can flow into the delivery chamber until 
the pressure within the delivery chamber reaches a predetermined level, (b) the 
pressure of ga$ within the delivery chamber can reach a state of equilibrium, and (c) a 
controlled amount of mass of the gas can then be allowed to flow from the delivery 
chamber as a function of a setpoint corresponding to a desired mass> and the 
temperature and pressure in the delivery chamber so that a metered quantity of gas is 
measured as the pulse of gas is delivered to the semiconductor process chamber; and 

a process chamber, coupled to the outlet and configured and aixanged to repeatedly receive 
the pulses of precursor gas. 

35. (New) The atomic layer deposition system of claim 34, farther including a mixing 
manifold, coupled to the inlet of the mass delivery control system and having a first inlet for 
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receiving a carrier gas and at least a second inlet for receiving the precursor gas 50 that the precursor 
gas is nxixed with the carrier gas when received by the mass delivery control system. 

36. (New) The atomic layer deposition system of claiin 35, further including: 

a plasma forming zone configured and arranged to receive a gas from the mixing manifold 
and to form a plasma from the received gas; and 

a process chamber configured and arranged hold a wafer and to receive a plasma from the 
plasma forming zone. 

37. (New) The atomic layer deposition system of claim 34, wherein a mass delivery 
control system configured and arranged to alternately deliver pulses, each of a predetermined mass, 
of at least two precursor gases to a processing chamber. 

38. (New) A system according to claim 34, further including a pressure sensor 
constructed and arranged so as to provide a pressure measurement signal to the controller as a 
function of the pressure within the delivery chamber, and a temperature sensor constructed and 
arranged so as to provide a teraperature measurement signal to the controller as a function of the 
temperature within the delivery chamber, 

39. (New) A system according to claim 34, wherein the amount of mass of gas flowing 
from the delivery chamber. Am at time t*, is determined by the controller as follows: 

Am = m(to} m(t*) = (V/R)[(P(to)/T(to)) - (P(t*)/T(t*))], 

wherein m(to) is the mass of the gas in the delivery chamber at time = to when the gas 
within the delivery chamber is at a state of equilibrium, m(t*) is the mass of the gas in the delivery 
chamber at time = t*, V is the volume of the delivery chamber, R is equal to the ideal gas constant (J/ 
Kg-KX P(to) is the pressure in the delivery chamber at time = to, P(t*) is the pressure in the delivery 
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chamber at time = t*, T(to) is the temperature in the delivery chamber at time = to, T(t*) is the 
temperature in the deliveiy chamber at time = t*. 

40. (New) A system according to claim 34, wherein the controller is ftirther configured 
and arrauged to control operation of the mass delivery control system uilet valve by control 
commands. 

41. (New) A system according to claim 34, wherein the deliveiy chamber includes a 
chamber wall, and further comprising a temperature sensor configured and arranged to sense a 
temperature of the chamber wall Tw, and produce a corresponding temperature signal, and wherein 
T(to) and T(t*) are the measured temperatures of the chamber wall at times to and t*, respectively. 

42. (New) A system according to claim 41 , wherein controller is configured and anranged 
so that a controlled amount of mass of the gas can be allowed to flow from the delivery chamber as a 
function a time derivative of the temperature dT/dt = — (psWp V)Qout(y-l)T + (Nu K//)(AyVCvp)(Tw 
- T), wherein psti* is the gas density under standard temperature and pressure (STP) conditions, p 
equals the density of the gas, V is the volume of the delivery chamber, Qout is the gas flow out of the 
delivery chamber, T equals absolute temperature, y is the ratio of specific heats, Nu is Nusslets 
number, k is the thermal conductivity of the gas, Cv is the specific heat of the gas under constant 
volume, / is the characteristic length of the delivery chamber, and Tw is the temperature of the wall of 
the delivery chamber as provided by the temperature sensor. 

43. (New) A system according to claim 34, wherein the mass delivery control system 
outlet valve has a response time of about 1 ms to about 5 ms. 

44. (New) A system according to claim 34, wherein the response time of the mass 
delivery control system outlet valve is about 2 ms to abo\it 5 ms. 

45. (New) A system according to claim 34, wherein the mass delivery control system 
pressure sensor has a response time of about 1 ms to about 5 ms, 
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46. (New) A system according to claim 34, wherein the at least one mass delivery control 
system includes two mass delivery control systems. 

47. (N ew) A system according to claim 34, wherein the process chamber includes a wafer 
support and heater coupled to the wafer support for heating the wafer support and wafer for plasma 
deposition. 

48. (New) A system according to claim 34, further including a throttling valve and 
vacuum pump connected to the process chamber and configured and arranged to draw gas flow 
across a surface of the wafer and regulate pressure within the process chamber. 

49. (New) A method of repeatedly delivering pulses of metered quantities of a precursor 
gas to a semiconductor processing chamber, comprising: 

repeatedly delivering pulses of precisely metered quantities of the precursor gas, each pulse 
of a desired predetermined mass, to the semiconductor process chamber; wherein repeatedly 
delivering the pulses includes measuring the mass of each pulse of gas as each pulse is delivered to 
the semiconductor process chamber. 

50. (New) A method according to claim 49, further including repeatedly delivering 
pulses of precisely metered quantities of at least two precursor gases, viierein the metered quantity of 
each pulse is measured as the respective pulse of gas is being delivered to the semiconductor process 
chamber. 

51. (New) A method according to claim 49, wherein repeatedly delivering pulses of 
precisely metered quantities of the precursor gas includes introducing the gas into and out of the 
delivciy chamber so that (a) gas can flow into tlie delivery chamber until the pressure within the 
delivery chamber reaches a predetermined level, (b) the pressure of gas within the delivery chamber 
can reach a state of equilibrium, and (c) a controlled amount of mass of the gas can then be allowed 
to flow j&om the delivery chamber to the process chamber as a function of a setpoint corresponding 
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to the desired predetermined mass, and the temperature and presswe in the delivery chaiiiber so that 
a metered quantity of gas is measured as the pulse of gas is delivered to the semiconductor process 
chamber. 

52- (New) A method of repeatedly delivering pulses of metered quantities of a precursor 
gas to a semiconductor processing chamber, comprising: 

(a) accumulating tlie gas within a delivery chamber until the pressure within the chamber 
reaches a predetermined level; 

(b) waiting a predetermined waiting period to allow tlie gas within the delivery chamber to 
approach a state of equilibrium; and 

(c) measuring the mass of the gas as it flows from the delivery chamber to the semiconductor 
processing chamber so that a precise metered amount of gas is delivered to the semiconductor 
processing chamber. 

53 . (New) A method according to claim 5 2, wherein (a)''(c) are repeated so that pulses of 
at least two precursor gases are repeatedly delivered to the semiconductor processing chamber. 
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